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© Water closet flushing apparatus. 

© In a water closet flushing apparatus of the type 
in which the flushing water from a flushing water 
supply source is fed through different flushing water 
feed lines to a bowl portion and a trap discharge 
passage defined adjacent to the bottom portion of 
the bowl portion, a water jet injector is provided so 
as to inject the flushing water jet toward the trap 
discharge passage, an opening-closing valve is dis- 



posed in each of different feed lines, and the opera- 
tion of the opening-closing valve is controlled by a 
control unit. The flushing water is flushed into the 
bowl portion so as to clean the same while the jet of 
flushing water is injected into the trap discharge 
passage to cause the same to act as a siphon, 
whereby waste matter is discharged. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a water closet 
(abbreviated to W.C. hereinafter in this specifica- 
tion) flushing apparatus and more particularly to a 
W.C. flushing apparatus capable of efficiently 
charging flushing water not only to a W.C. bowl but 
also to a trap discharge passage which is disposed 
in the vicinity of the bottom of the W.C. bowl and 
which can produce the siphon action. 

A W.C. comprises a bowl which receives waste 
matter from the human body and a trap discharge 
passage substantially in the form of an inverted U 
and communicated with the bottom of the W.C. 
bowl. 

In order that the trap discharge passage may 
produce the siphon action which is required for not 
only decreasing the quantity of flushing water 
charged into the W.C. bowl but also positively 
causing the discharge of fluid waste together with 
the flushing water, there has recently been pro- 
posed a method in which flushing water is fed 
through independent flushing water lines to the 
W.C. bowl and the trap discharge passage. 

For instance, in the case of the W.C. flushing 
apparatus disclosed in Japanese Patent Publication 
No. 30092/1980, an independent flushing water 
pipe and a flushing water discharge line are com- 
municated with a W.C. bowl and a trap discharge 
passage, respectively, thereby charging flushing 
water to them independently of each other. In the 
W.C. flushing apparatus of the type just described 
above, solenoid controlled valves are inserted into 
the flushing water pipe and the flushing water 
charging line, respectively and are closed or 
opened in response to the signal transmitted from 
a timer. Furthermore, a port for charging flushing 
water into the trap discharge passage is opened in 
the vicinity of the trap discharge passage. 

In the W.C. flushing apparatus of the type just 
described above, the solenoid controlled vaJves are 
so controlled that first flushing water is charged 
into the trap discharge passage to produce the 
siphon action, whereby waste matter and flushing 
water are discharged. Thereafter flushing water is 
charged into the W.C. bowl to clean the same. 
Therefore as compared with the conventional W.C. 
flushing apparatus of the type in which flushing 
water is charged only into the W.C. bowl, the effect 
for causing the trap discharge pipe to function as a 
siphon requiring little flushing water so that flushing 
water can be saved, can be attained. 

However, in the case of the conventional flush- 
ing apparatus of the type described above, the 
solenoid controlled valves are controlled to open or 
close in response to a time interval set by the timer 
so that there is the problem that when the pressure 
of the flushing water in the flushing water charging 



line is varied, the flow rate is also varied so that an 
effective flushing effect cannot be attained. In par- 
ticular, there exists the problem that when the 
pressure of the flushing water drops, waste matter 

5 remains in the W.C. bowl. 

The port for charging flushing water into the 
trap discharge passage is opened when the W.C. 
bowl is molded and is not adapted to charging 
flushing water as a jet stream. Therefore there 

10 exists the problem that the quantity of flushing 
water used to cause the trap discharge passage to 
act as a siphon is not decreased as expected. 

Furthermore, cleaning of the W.C. bowl with 
flushing water is carried out after the discharge of 

75 waste matter so that there exists the problem that 
waste matter which was not completely discharged 
by the siphon action of the trap discharge passage 
again remains in the W.C. bowl. 

In order to overcome the problems encoun- 

20 tered in the above described W.C. flushing ap- 
paratuses, a W.C. flushing apparatus as disclosed 
in Japanese Patent Publication No. 42057/1986 has 
been proposed. With this W.C. flushing apparatus, 
in order to solve the problem that the quantity of 

25 flushing water varies in response to variations in 
the pressure of the flushing water, a flushing water 
storage tank for previously storing the flushing 
therein is provided. The inner space of the flushing 
water storage tank is divided into a flushing water 

30 charging line for charging the flushing water into 
the trap discharge passage and a flushing water 
charging line for charging the flushing water into 
the bowl. That is, a predetermined quantity of 
flushing water once stored in the storage tank is 

35 distributed in the storage tank and is charged. 

When such flushing water storage tank is pro- 
vided, the problem of an insufficient quantity of 
charged water due to the variations in the pressure 
of flushing water can be solved. However, in order 

40 to provide such a storage tank, a more space and 
installation work are required. Moreover, there ex- 
ists the problem that the construction of the flush- 
ing water storage tank is complicated so that the 
cost of manufacture is expensive. 

45 A further problem of the conventional W.C. 

flushing apparatus of the type described above 
resides in the fact the flushing operation cannot be 
carried out until a surface level of flushing water in 
the storage tank reaches a predetermined level, 

50 and therefore the W.C. flushing apparatus cannot 
be continuously used. 

In the W.C. flushing apparatus of the type 
described above, the flushing water charging pro- 
cess is so determined that flushing water is first 

55 charged into the trap discharge passage so as to 
produce the siphon action and then the flushing 
water is charged into the W.C. bowl to clean it. As 
a result, when the W.C. bowl is extremely contami- 
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nated, there arises the problem that the W.C. bowl 
cannot be satisfactorily cleaned. 

In addition, since the cross sectional area of 
the port for charging flushing water into the trap 
discharge passage is large, the kinetic energy of 
flushing water discharged through the port is re- 
duced so that the effect of the flushing water jet is 
not satisfactory. As a result, there arises the prob- 
lem that the quantity of flushing water to be 
charged to the trap discharge passage to produce 
the siphon action cannot be increased sufficiently 
within a short period of time so that the quantity of 
flushing water charged through the port cannot be 
sufficiently decreased. 

SUMMARY OF THE INVENTION 

The present invention was made to overcome 
the above and other problems encountered in the 
conventional W.C. flushing apparatus and an object 
of providing a W.C. flushing apparatus capable of 
effectively cleaning a W.C. bowl with a little quan- 
tity of flushing water. 

A W.C. flushing apparatus in accordance with 
the present invention comprises a bowl portion 
provided with a flushing water inlet port; a trap 
discharge passage defined in the vicinity of the 
bottom of the bowl portion; a flushing water supply 
source; bowl portion communication means in 
which is defined a passage communicating the 
flushing water inlet port of the bowl portion with the 
flushing water supply source; a water jet injection 
means for injecting the flushing water toward the 
trap discharge passage; a water-jet-injection-unit 
communicating means in which is defined a pas- 
sage for communicating the water jet injection 
means with the flushing water supply source; an 
opening or closing means which is disposed in the 
passage in the bowl portion communication means 
and opens or closes the passage; a means dis- 
posed within the passage in the water jet injection 
communication means so as to open and close the 
passage; and a control means for delivering the 
"OPEN" and/or "CLOSE" signals to the means for 
opening or closing the flow passage in communica- 
tion with the bowl portion and the means for open- 
ing or closing the flow passage in communication 
with the water jet injection means. 

According to the present invention, the flushing 
water is charged into the bowl portion and the trap 
discharge passage in the following steps. 

a. A predetermined quantity of flushing water is 
charged into the bowl portion, thereby cleaning 
it; 

b. A flushing water jet is injected into the trap 
discharge passage so as to cause the trap pas- 
sage discharge passage to act as a siphon, 
thereby discharging the water within the bowl 



portion; 

c. The flushing water is charged at a predeter- 
mined flow rate to the bowl portion, thereby 
providing a water seal for the bowl portion. 
5 According to a preferred embodiment of the 

present invention, disposed within the bowl portion 
communication means and the water jet injection 
unit communication means are flow rate detection 
means in order to detect the flow rates of the 
w flushing water flowing through the above-mentioned 
two communication means, respectively. 

The control means is provided with a flushing 
water quantity accumulation means for accumulat- 
ing the quantity of the flushing water in response to 
75 the signals representing the flow rates in the 
above-mentioned two flow rate detection means, 
and a comparator means for comparing the quan- 
tity of the flushing water integrated by the integra- 
tion means with a predetermined flushing water 
20 charging quantity. 

According to another embodiment of the 
present invention, the water jet injection means is 
provided with a flushing water jet injection nozzle. 

25 BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

FIG. 1 is a block diagram of a first preferred 
embodiment of a W.C. flushing apparatus in 

30 accordance with the present invention illustrating 
a W.C. bowl in longitudinal section; 
FIG. 2 is a block diagram illustrating the con- 
struction of a control unit of the first preferred 
embodiment shown in FIG. 1 ; 

35 FIG. 3 is a flowchart illustrating a flushing water 
charging process in accordance with the present 
invention; 

FIG. 4 is a time chart illustrating one mode of 
operation of a W.C. flushing apparatus in accor- 

40 dance with the present invention; 

FIGS. 5 and 6 are time charts illustrating other 
modes of operation of a W.C. flushing apparatus 
in accordance with the present invention; 
FIG. 7 is a block diagram of a second preferred 

45 embodiment of a W.C. flushing apparatus in 
accordance with the present invention with a 
W.C. bow! being illustrated in longitudinal sec- 
tion; 

FIG. 8 is a longitudinal sectional view illustrating 
so a third preferred embodiment of a W.C. flushing 
apparatus in accordance with the present inven- 
tion; 

FIG. 9 is a sectional view taken along the line 
IX-IX of FIG. 8; 
55 FIG. 10 is a flowchart illustrating the mode of 
operation of a fourth preferred embodiment of a 
W.C. flushing apparatus in accordance with the 
present invention; and 
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FIG. 11 is a time chart illustrating the mode of 
operation of the fourth preferred embodiment. 
The same reference numerals are used to des- 
ignate similar parts throughout the figures except 
FIGS. 8 and 9. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment, FIGS. 1 and 2 

Referring first to FIGS. 1 and 2, a first pre- 
ferred embodiment of a W.C. flushing apparatus 
will be now described in detail hereinafter. A W.C. 
bowl generally indicated by a reference numeral 10 
comprises a bowl portion 11 for receiving therein 
waste matter, a trap discharge passage 12 sub- 
stantially in the form of an inverted U and commu- 
nicated with the bottom of the bowl portion 1 1 and 
a rim portion surrounding a circular upper edge of 
the bowl portion 11. The rim portion 13 is hollow as 
to define a flushing water flow passage 13a. One 
end of the flushing water flow passage 13a in the 
rim portion 13 is communicated with a flushing 
water feed port 13b. The rim portion 13b is formed 
with a plurality of feed ports 13c equiangularly 
spaced apart from each other and which are com- 
municated with the flushing water flow passage 
13a. These flushing water charging ports are de- 
fined to be inclined with respect to the inner wall 
surface of the bowl portion 1 1 and are in opposing 
relationship therewith. For instance, each of the 
flushing water charging ports 13c is inclined, for 
instance, at about 45 * with respect to the horizon- 
tal direction so that the flushing water is injected 
downwardly at about 45 • with respect to the hori- 
zontal direction. Therefore, the flushing water in- 
jected through the flushing water charging ports 
13c into the bowl portion 11 produces a vortex flow 
therein. 

The outer portion of the bowl portion 11 op- 
posite to the portion thereof communicated with the 
trap discharge passage 12 is defined a flushing 
water flow passage 14. One end of the flushing 
water flow passage 14 is communicated with a 
flushing water feed port 14a while the other end 
has a flushing water jet injection port 14b. It is 
preferable that the water jet injection port 14b is in 
the form of a flushing water injection nozzle so that 
the flushing water fed into the flushing water flow 
passage 14 may be injected toward the trap dis- 
charge passage in the form of an accelerated flush- 
ing water jet. The direction of the injection of flush- 
ing water emitted through the flushing water jet 
injection port 14b is so selected that the flushing 
water in the trap discharge passage encounters as 
low a resistance as possible. The injection direction 
is also selected depending upon the shape of the 



trap discharge passage 12. 

A flushing water feed pipe 1 6 whose upper end 
is communicated with a flushing water supply 
source 15 is branched into a feed pipe 17 commu- 

5 nicated with the bowl portion 11 and a feed pipe 18 
communicated with the flushing water inlet port 
14a. The feed pipe 17 is communicated through a 
flow rate sensor 21 and a solenoid controlled valve 
22 with the inlet port 13b of the rim portion 13. The 

io feed pipe 18 is communicated through a flow rate 
sensor 23 and a solenoid controlled valve 24 with 
the flushing water inlet port 14a. 

The solenoid controlled valves 22 and 24 are 
connected through signal lines 22a and 24a, re- 

75 spectively, to a control unit 30 which transmits the 
control signals to the solenoid controlled valves 22 
and 24 so that the valves 22 and 24 are opened or 
closed. The output signals from the flow rate sen- 
sors 21 and 23 are transmitted through signal lines 

20 21a and 23a, respectively, to the control unit 30. 

As shown in FIG. 2, the control unit 30 com- 
prises a microprocessor (MPU) 31, a memory 32, 
an input interface circuit 33 and an output interface 
circuit 34. The microprocessor 31 incorporates an 

25 integrator 31a for accumulating the quantity of 
flushing water in response to the output signals 
from the flow rate sensors 21 and 23 and a com- 
parator 31b for comparing the quantity of flushing 
water accumulated by the accumulator 31a with a 

30 predetermined quantity of flushing water which is 
stored in the memory 32. An instruction process for 
transmitting the instruction signals to the solenoid 
controlled valves 22 and 24 so that the valves 22 
and 24 are opened or closed independently of 

35 each other. Furthermore, the control unit 30 incor- 
porates a timer 31c for controlling a time interval of 
each of the instruction signals to be transmitted to 
each of the solenoid controlled valves 22 and 24. 
The signal lines 21a and 23a from the flow rate 

40 sensors 21 and 23 inserted into the feed lines 17 
and 18, respectively are connected to the input 
interface circuit 33 of the control unit 30. Further- 
more, a starting input unit 25 with a starting switch 
25b is connected through a signal tine 25a to the 

45 input interface circuit 33. 

The output interface circuit 34 of the control 
unit 30 is connected through signal lines 22a and 
24a to the solenoid controlled valves 22 and 24, 
respectively, inserted into the lines 17 and 18, 

so respectively so that the "OPEN" or "CLOSE" sig- 
nal is transmitted to the solenoid controlled valves 
22 and 24. 

Referring next FIGS. 3 and 4, the mode of 
operation of the first preferred embodiment with the 
55 above-mentioned construction will be described 
hereinafter. The starting switch 25b is turned on 
manually or automatically in response to the signal 
from a seat sensor or an optical sensor so as to 
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start the operation of the W.C. flushing apparatus. 
The starting signal from the start input unit 25 is 
transmitted to the control unit 30 and then the 
microprocessor 31 transmits the "OPEN" signal to 
the solenoid controlled valve 22 (to be referred to 
as "the bowl valve" hereinafter in this specifica- 
tion). When the bowl valve 22 is opened, flushing 
water from the water supply source 15 is charged 
through the feed pipe 17 to the inlet port 13b. The 
flushing water charged into the flushing water flow 
passage 13a of the rim portion 13 is injected into 
the W.C. bowl 1 1 through the flushing water injec- 
tion ports 1 3c and enters to produce a vortex flow 
within the bowl 11. The inside of the bowl 11 is 
therefore cleaned (Step Si ). 

The quantity of the flushing water charged into 
the bowl 1 1 is detected by the flow rate sensor 21 
and the signal representative of the quantity of 
flushing water charged into the bowl 1 1 is delivered 
to the accumulator 31a within the control unit 30 so 
that the quantity of flushing water charged into the 
bowl 11 is accumulated (Step S2). The accumu- 
lated quantity of flushing water charged into the 
bowl 1 1 is compared by the comparator 31 b with a 
predetermined quantity of flushing water (Step S3). 
When the quantity of flushing water charged into 
the bowl 11 reaches a predetermined quantity, the 
"CLOSE" signal is transmitted to the bowl valve 22 
so that the latter is closed. The main cleaning 
operation for cleaning the inner wall surface of the 
bowl 11 is therefore accomplished. 

The starting signal from the start input unit 25 
is also delivered to the timer 31c in the control unit 
30 so that the timer 31c starts counting a time 
interval (Step S5). When the counted time interval 
is in excess of a predetermined value, the control 
unit 30 delivers the "OPEN" signal to the solenoid 
controlled valve 24 (to be referred to as "the water 
jet injection valve" hereinafter in this specification) 
so that the flushing water charged into the flushing 
water flow passage 14 through the inlet port 14a is 
forced to be injected in the form of a jet toward the 
trap discharge passage 12. As a result, the trap 
discharge passage 12 acts as a siphon so that 
waste matter and the standing water in the bowl 1 1 
are discharged through the trap discharge passage 
12 to the exterior. The quantity of flushing water for 
producing the above-mentioned siphon action is 
optimumly selected depending on the shape of the 
trap discharge passage 12 and the like and the 
quantity of flushing water jet to be injected into the 
bowl 11 toward the trap discharge passage 12 is 
controlled by the flow rate sensor 23. More specifi- 
cally, as in the case of the control of the quantity of 
flushing water to be charged into the bowl 11 
through the line 1 7, the quantity of flushing water is 
detected by the flow rate sensor 23 and is accu- 
mulated by the accumulator 31a. The accumulated 



quantity of flushing water is compared by the com- 
parator 31b with a predetermined value (Steps S7 
and Ss). After a predetermined quantity of flushing 
water jet is injected through the injection port 14b, 

5 the injection valve is closed (Step S9). 

As shown in FIG. 4, the timing of opening the 
injection valve 24 may be determined while the 
bowl valve 22 is still opened. Also as shown in FIG. 
4, the flushing water is charged into the bowl 11 

70 and the flushing water flow passage 14 during a 
time interval T1 . As a result, the air entrapped in 
the flushing water flow passage 14 can be pre- 
viously discharged through the injection port 14b 
so that the injection of flushing water required to 

75 cause the trap discharge passage 12 to act as a 
siphon can be effectively accomplished. After a 
quantity of flushing water required for causing the 
trap discharge passage 12 to act as a siphon is 
injected, the injection valve 24 is closed. Waste 

20 matter within the bowl 1 1 is discharged by siphon 
action. A time interval of the discharge operation is 
controlled by the timer 31c. More particularly, when 
the bowl valve 22 is closed, the timer 31c starts 
counting a time interval (Step S10). After a pre- 

25 determined time interval (See FIG. 4) has elapsed, 
the "OPEN" signal is again delivered to the bowl 
valve 22 to open the same. Then the flushing water 
is charged into the bowl 11 and the quantity of 
flushing water charged into the bowl 1 1 is detected 

30 by the flow rate sensor 21 in a manner substan- 
tially similar to that described above and is accu- 
mulated by the accumulator 31 (Step S12). The 
accumulated quantity of flushing water is compared 
by the comparator 31 with a predetermined value 

35 (Step Si 3) and when the accumulated quantity of 
flushing water charged into the bowl 11 reaches a 
predetermined quantity, the bowl valve is closed 
(Step Si 4). Thus, the flushing water is trapped 
inside the bowl until its surface level reaches a 

40 predetermined height. Thereafter the bowl valve 22 
is closed so that one operation process of the W.C. 
flushing apparatus is accomplished. 

As described above, the flushing water is in- 
jected in the form of a jet through the injection port 

45 14b so that it becomes possible to fill water into 
the trap discharge passage 12 until water reaches 
the highest position thereof in a simple manner. As 
a result, only a small quantity of flushing water is 
needed to cause the trap discharge passage 12 to 

so act as a siphon in an efficient manner. The quantity 
of the flushing water jet is detected by the flow rate 
sensor 21 and is controlled so that an optimum 
quantity of flushing water required for causing the 
trap discharge passage to act as a siphon can be 

55 selected. The "CLOSE" signal to be delivered to 
the bowl valve 22 and the injection valve 24 con- 
trolled upon the basis of the result of the accumula- 
tion of flushing water charged which is detected by 
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the flow rate sensors 21 and 23 so that even when 
the pressure of flushing water in the water supply 
source 15 or the flushing water feed pipe 16, a 
predetermined quantity of flushing water can be 
charged all the time. As a result, the insufficient 
supply of flushing water can be avoided. Further- 
more, the process in which waste matter is dis- 
charged after the completion of the cleaning the 
inside wall surface of the bowl 1 1 has been accom- 
plished, is utilized so that even when the inside 
wall surface of the bowl 11 is much contaminated, 
it becomes possible to accomplish the satisfactory 
cleaning operation all the time. 

As shown in FIG. 4, in the case of the first 
preferred embodiment described above, described 
is the process that while the bowl valve 22 is still 
opened, the water jet injection valve 24 is opened 
successively so that the bowl cleaning operation 
and the flushing water jet injection are carried out 
at the same time. However, as shown in FIG. 5, the 
water jet injection valve 24 can be opened after the 
bowl valve 22 is closed. The "OPEN" signal ap- 
plied to the water jet injection valve 24 may be not 
the signal generated by the timer 31c, but the 
water jet injection valve 24 may be opened in 
response to the "CLOSE" signal applied to the 
bowl valve 22. 

Furthermore, as shown in FIG. 6, the bowl 
valve 22 can be opened while the water jet injec- 
tion valve 24 is still opened, thereby trapping a 
predetermined quantity of standing water in the 
bowl 11. Then, in response to the injection of 
flushing water jet through the injection port 14b, the 
siphon action is produced so that while waste mat- 
ter is discharged, the water is charged into the 
bowl 1 1 . As a result, the problem that the bowl 1 1 
is emptied so that the intercommunication between 
the bowl 11 and the trap discharge passage 12 
without both being filled with water can be avoided. 
Therefore the expansion of foul odors from the trap 
discharge passage 12 to the inside of the bowl 11 
can be prevented and the generation of noise due 
to jet injection through the injection port 14b can 
be avoided. 

Furthermore, as the flow rate sensors 21 and 
23, a flowmeter of the type in which an impeller 
which is rotated in proportion to the flow rate and 
the rotation of the impeller per time unit is con- 
verted into the electrical signal may be used. In 
addition, it may be possible to use, as means for 
controlling the quantity of flushing water, means of 
the type in which a pressure gage is disposed in a 
flushing water feed pipe and in response to a 
pressure detected by the pressure gage, a timer 
operation time is controlled, thereby controlling an 
opened time interval of a solenoid controlled valve. 



Second Embodiment, FIG. 7 



FIG. 7 is a view similar to FIG. 1 but illustrates 
a second preferred embodiment of a W.C. flushing 

5 apparatus in accordance with the present invention. 
The second embodiment is substantially similar to 
the first preferred embodiment described above 
with reference to FIGS. 1 and 2 except that the 
flushing water supply source 15 is provided with a 

w flushing water storage tank 41 so that other compo- 
nent parts similar to those of the first preferred 
embodiment will not be further explained. 

One end of a flushing water feed line 16 is 
communicated with the flushing water supply 

15 source 15 while the other end, with an inlet port 
41a of the storage tank 41 so that the flushing 
water is temporarily stored in the storage tank 41 
before the flushing operation. A solenoid controlled 
valve 42 is inserted into the feed line upstream of 

20 the inlet port 41a. A surface level sensor 43 is 
disposed at a predetermined upper portion within 
the storage tank 41 so as to measure the surface 
level of flushing water stored therein. As a surface 
level sensor, it is possible to use a liquid-level 

25 measuring means of the type in which a time 
interval between the time when the light beam or 
the ultrasonic waves are emitted and the time when 
they are reflected and then received is computed, 
thereby measuring the liquid level. The flushing 

30 water feed line 16a which is communicated with 
the outlet port 41b branched into the bowl feed line 
17 and the flushing water jet feed pipe 18. 

The solenoid controlled valve 42 is electrically 
connected through a signal line 42a and the output 

35 interface 34 (See FIG. 2) to the microprocessor 31 
in the control unit 30. The liquid-level sensor 43 is 
connected through a signal line 43a and the input 
interface circuit 33 to the microprocessor 31 in the 
control unit 30. 

40 Next the mode of operation of the second 

embodiment with the above-mentioned construction 
will be described hereinafter. When the starting 
switch 25b is turned on, the start input unit 15 
delivers the starting signal to the control unit 30 so 

45 that, as in the case of the first embodiment de- 
scribed above with reference to FIG. 1 , the process 
of charging the flushing water into the W.C. bowl 
10, cleaning of the inner wall surface of the bowl 
portion 11 and discharging waste matter through 

so the trap discharge passage 12 is carried out. In this 
process, the liquid level of the flushing water stored 
in the storage tank 41 is lowered because the 
flushing water is fed from the storage tank 41 
through the outlet 41b to the feed line 16b. 

55 When the above-mentioned flushing process is 

accomplished, the "OPEN" signal is transmitted to 
the solenoid-controlled valve 42 to open the same 
so that the flushing water is supplied from the 
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flushing water supply source 16 into the storage 
tank 41 . When the liquid level of the flushing water 
in the storage tank rises and is detected to have 
reached to a predetermined height by the liquid- 
level sensor 43, the solenoid controlled valve 42 is 
closed so that the supply of the flushing water into 
the storage tank 41 is interrupted. 

As described above, the second embodiment 
is further provided with the flushing water storage 
tank 41 so that it becomes possible to control the 
quantity of flushing water required for one flushing 
process in a stable manner. Therefore, even when 
the pressure of flushing water supplied from the 
water source 15 varies, it is possible to obtain the 
flushing water at a predetermined pressure for 
charging into the bowl portion 1 1 and injecting into 
the trap discharge passage 12. 

Third Embodiment, FIGS. 8 and 9 

Next referring to FIGS. 8 and 9, the third pre- 
ferred embodiment of a W.C. flushing apparatus in 
accordance with the present invention will be de- 
scribed. 

A W.C. bowl generally indicated by the refer- 
ence number 50 comprises a bowl portion 51 for 
receiving therein waste matter and a trap discharge 
passage 53 which is separated from the bowl por- 
tion 51 by a partition wall 52, communicated with 
the bottom of the bowl portion 51 and is substan- 
tially in the form of an inverted U. A circular rim 
portion 54 is defined at the upper edge of the bowl 
portion 51 and is hollow to define a flushing water 
flow passage 54. The flow passage 54a is enlarged 
in cross sectional area partially over a predeter- 
mined length so as to define a flushing water feed 
chamber 54b which is communicated with a flush- 
ing water inlet port 54c. The flow passage 54a is 
formed with a plurality of flushing water charging 
ports 54d which are inclined in such a way that the 
direction in which the flushing water charged into 
the bowl portion 51 is directed downwardly at 
about 45 * with respect to the horizontal toward the 
inner wall surface of the bowl portion 51. As a 
result, charged flushing water produces a spiral 
flow within the bowl portion 51 so that the flushing 
efficiency can be improved. 

A downstream discharge passage 53a of the 
trap discharge passage 53 downstream of a weir 
portion 53b is substantially in the form of a vertical 
tube. A cylindrical water sealing generating mecha- 
nism 55 is securely attached to the downstream 
end of the discharge passage 53a. The water seal 
generating mechanism is in the form of a synthetic 
resin cylinder and has an enlarged diameter portion 
55a extended substantially from the midpoint of the 
discharge passage 53a to the downstream end and 
a waste matter guide cylinder 55b disposed within 



the enlarged diameter portion 55a coaxially thereof. 
The downstream end of the discharge passage 55a 
is bent radially inwardly so as to define a flange 
55c which in turn defines a reduced-diameter dis- 

5 charge opening 56. The upper portion of the en- 
larged diameter cylinder 55a is defined as a con- 
necting cylindrical portion 55d which in turn is 
water-tightly fitted over and bonded to the down- 
stream portion of the discharge passage 53a with 

70 an adhesive. 

As best shown in FIG. 9, the enlarged diameter 
cylindrical portion 55a and the waste matter guide 
cylinder 55b are connected to each other by con- 
necting members 55e. Arcuate spaces 57a are 

75 defined between the inner surface of the enlarged 
diameter cylindrical portion 55a and the outer cylin- 
drical surface of the waste matter guide cylinder 
55b while a space 57b is also defined between the 
lower end of the waste matter guide tube 55b and 

20 the upper surface of the flange 55c as shown in 
FIGS. 8 and 9. Furthermore, a space 57c is defined 
between the inner wall of the enlarged diameter 
cylindrical portion 55a and the upper end of the 
waste matter guide cylinder 55b. 

25 A cover 59 is provided on the upstream side of 

the water chamber 54b to define an equipment 
compartment in which is housed a control equip- 
ment for the W.C. flushing apparatus. A flushing 
water feed line 61 is extended through the cover 59 

30 and communicated with the flushing water supply 
source 15. The feed line 61 branches to a line 62 
for charging the flushing water into the bowl portion 
51, and a line 63 for feeding the flushing water 
which is injected into the trap discharge passage 

35 53. The feed line 62 is communicated through a 
solenoid controlled valve 64 (to be referred to as 
"the bowl valve" hereinafter in this specification), a 
vacuum breaker 65 and a flow rate sensor 66 in the 
order named with an inlet port 54c. 

40 In tike manner, the feed line 63 is commu- 

nicated through a solenoid controlled valve 67 (to 
be referred to as "the jet valve"), a vacuum breaker 
68 and a flow rate sensor 69 in the order named 
with a jet injection unit. 

45 The jet injection unit has a jet injection nozzle 

71 which is disposed at the deepest position of the 
bowl portion 51 and whose nozzle hole 71a is 
directed toward an inlet opening 53c of the trap 
discharge passage 53. The jet injection nozzle 71 

so is made of a metal or a synthetic resin and is in the 
form of a "U". In the third embodiment, the feed 
line 63 is extended along the outer surface of the 
W.C. bowl 50 and is directly communicated with an 
inlet port 71b of the jet injection nozzle 71. 

55 Housed within the equipment compartment 58 

is a control unit 72 connected, as in the case of the 
first or second embodiment, through signal lines to 
the bowl and jet valves 64 and 67 and to the flow 
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rate sensors 66 and 69. A start input unit 73 which 
has various switches for operating the flushing wa- 
ter supply device or a sensor for generating the 
starting signal is connected to the control unit 72. 

The flushing process of the third embodiment 
with the above-mentioned construction is substan- 
tially similar to that of the first or second preferred 
embodiment so that the features of the third em- 
bodiment only will be described. 

First, the feed line 63 is directly communicated 
with the jet injection nozzle 71 without flowing other 
lines so that the resistance to the flushing water 
flowing from the flushing water supply source 15 to 
the nozzle 71 is low and therefore unwanted pres- 
sure drop can be avoided. As a result, even if the 
pressure of flushing water supplied from the water 
supply source 15 is relatively low, it becomes 
possible to charge the flushing water to the trap 
discharge passage 53 so that the latter is caused 
to act as a siphon. Furthermore, the kinetic energy 
of the water jet injected through the nozzle 71 so 
that the air entrapped in the trap discharge pas- 
sage 53 can be discharged within a short time, 
thereby starting the siphon action. As described 
above, the siphon action can be efficiently pro- 
duced so that the quantity of flushing water can be 
decreased. 

In the third embodiment, the water seal gen- 
erating mechanism 55 is disposed at the lower end 
of the trap discharge passage 53. It follows there- 
fore that part of the waste matter flowing in the 
downstream side discharge passage passes 
through the space 57c, 57a and 57b defined be- 
tween the enlarged-diameter portion 55 and the 
waste matter guide cylinder 55b and is discharged 
through the discharge opening 56. The discharge 
opening 56 defines a restriction or restrictor be- 
cause the flange 55c is radially inwardly extended 
so that waste matter which flows radially inwardly 
through the space 57b defined between the lower 
end of the waste matter guide cylinder 56b and the 
upper surface of the flange 55c produces a water 
seal at the discharge opening. (That is, the dis- 
charge opening 56 is covered with a water film.) 
Because of this water seal phenomenon, the inte- 
rior of the trap discharge passage 53 is sealed 
from the surrounding atmosphere and the flushing 
water fills the trap discharge passage 53 upstream 
of the water seal. As a result, the air entrapped in 
the trap discharge passage 53 is quickly and posi- 
tively discharged together with waste matter 
through the discharge opening 56 so that it be- 
comes easy to cause the trap discharge passage 
53 to fully act as a siphon. 

In the first, second and third embodiments de- 
scribed above, the quantity of the flushing water 
distributed into the feed line 17 for charging the 
flushing water into the bowl portion and the feed 



line 18 communicated with the water jet injection 
port in response to the accumulated quantity ob- 
tained from the quantity of flushing water detected 
by the flow rate sensors 21 and 23. However, it is 

s to be understood that the method for controlling the 
quantity of flushing water charged into the bowl 
portion and the trap discharge passage is not limit- 
ed to the above-mentioned method only and the 
quantity of flushed water can be controlled in re- 

10 sponse to a time interval determined by the detec- 
tion of the instantaneous flow rates of the flushing 
water flowing through the feed lines 17 and 18, 
respectively. A fourth preferred embodiment em- 
ploying the latter method will be described 

75 hereinafter. 

Fourth Embodiment, FIGS. 10 and 1 1 

The fourth embodiment is substantially similar 

20 in construction to those of the first, second or third 
embodiments described above, except for a control 
program for the control unit 30, but it is preferable 
that as the bowl valve 22 and the jet injection valve 
24, the valves capable of controlling the flow rates 

25 at a high degree of accuracy. For instance, it is 
preferable to use piezoelectric actuators each ca- 
pable of controlling the stepless opening operation 
or closing operation. 

Now the fourth embodiment will be described 

30 in detail with reference to FIGS. 10 and 11 illustrat- 
ing the flowchart and the time chart, respectively. 

When the starting switch 25b is turned on, the 
counter 31c starts counting a time interval (Step 
Ui ). Next in response to the command signal from 

35 the microprocessor 31, the bowl valve 22 is 
opened (Step U2) so that the flushing water is 
charged into the feed line 17. The signal repre- 
sentative of the flow rate generated by the flow rate 
sensor 21 is delivered to the comparator 31b in the 

40 control unit 30 so as to be compared with a pre- 
determined instantaneous flow rate (Step U*, U5). 
When the detected instantaneous flow rate is in 
excess of a predetermined value, the bowl valve 22 
is slightly closed (Step U&). On the other hand, 

45 when the detected instantaneous flow rate is lower 
than a predetermined value, the bowl valve 22 is 
slightly opened (Step U7). The opening or closing 
operation of the bowl valve 22 is controlled in the 
manner just described above so that the instanta- 

50 neous flow rate of the flushing water fed to the 
flushing water feed line 17 may be maintained 
substantially constant and the step for charging the 
flushing water into the bowl portion 11 is continued. 
When the time interval counted by the timer 31c 

55 reaches a predetermined time interval Tr3 (Step 
U3), the bowl valve 22 is tightly and completely 
closed (Step U 8 ). 
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Meanwhile when a time interval counted by the 
timer 31c reaches a predetermined time interval 
T JL (= T R1 in the time chart shown in FIG. 11) 
(Step Ui7>» the jet injection valve 24 is opened 
(Step Uis) so that the flushing water flows through 
the feed line 18 and the flushing water jet is 
injected through the jet injection port 16b. 

The signal representing the flow rate generated 
by and delivered from the flow rate sensor 23 is 
applied to the comparator in the control unit 30 so 
as to be compared with a predetermined instanta- 
neous flow rate (Steps U20 and U21). In response 
to the result of the comparison, the degree of 
opening of the jet injection valve 24 is controlled in 
such a way that the flow rate of the flushing water 
flowing through the feed line 18 may be maintained 
substantially constant (Steps U22 and Ifea). 

Until the time interval counted by the timer 31c 
coincides with a predetermined time interval Tj2, 
the feed of the flushing water to the water jet 
injection port 14b is continued so that the trap 
discharge passage 12 is caused to act as a siphon. 
When the time interval counted by the timer 31c 
coincides with a predetermined time interval Tj2 - 
(Step U19), the water jet injection valve 24 is com- 
pletely closed so that the water jet injection is 
interrupted (Step U24). 

When the time interval counted by the timer 
31c coincides with a predetermined time interval 
Tr2 (= T J2 in the time chart shown in FIG. 11) 
(Step Ug), the bowl valve 22 is opened again (Step 
U10). The bowl valve 22 remains opened until the 
time interval counted by the timer 31c coincides 
with a predetermined time interval T R3 . When the 
above-described steps are being carried out, in 
response to the result of the comparison between 
the instantaneous flow rate detected by the flow 
rate sensor 21, the degree of the opening of the 
bowl valve 22 is controlled (Steps U12, U13, Ui* 
and U15) so that the flow rate flowing through the 
feed line 17 is maintained substantially constant 
and the bowl portion 1 1 is water-sealed. 

When the time interval counted by the timer 
31c coincides with a predetermined time interval 
Tr3 (StepUn), the bowl valve 22 is completely 
closed (Step U16). One flushing operation is there- 
fore accomplished. 

Instead of the time chart for the fourth embodi- 
ment, it is possible to use the time charts shown in 
FIGS. 4, 5 and 6. 

As described above, according to the present 
invention, effective flushing operation can be ac- 
complished with a relatively small quantity of flush- 
ing water. 

Although specific embodiments of the present 
invention have been described in detail herein, 
modifications and changes may be made therein 
without departing from the scope of the present 



invention as defined in the appended claims. 
Claims 

5 1. A water closet flushing means of the type in 
which the flushing water is charged through 
different flushing water feed lines 
(16.17,18;61,62,63) from a flushing water sup- 
ply source (15) to a bowl portion (11;51) and a 

70 trap discharge passage (12,53,53c) defined ad- 

jacent to the bottom portion of the bowl portion 
(11;51), said bowl portion (1151) being formed 
with a plurality of flushing water flushing holes 
(13c;54d); a jet injection means (14,14b;71,71a) 

15 for injecting a jet of flushing water into said 

trap discharge passage (12,53,53c); said flush- 
ing water supply source (15) and said bowl 
portion (11;51) being communicated by a first 
communication means (1 7,21 ,22;62-66); said 

20 flushing water supply source (15) and said jet 

injection means (14,14b;71,71a) being commu- 
nicated with each other by a second commu- 
nication means (18,23.24;63,67-69); a first 
opening and closing means (22,64) being dis- 

25 posed in a passage (17,62) defined in said first 

communication means for opening or closing 
said passage (17,62); a second opening and 
closing means (24;67) being disposed in a 
passage (18,63) defined in said second com- 

30 munication means for opening or closing said 

passage (18,63); and a control means (30,72) 
being provided in order to deliver the "OPEN" 
and/or "CLOSE" signals to said first and sec- 
ond communication means, 

35 characterized in that 

said jet injection means (14,14b;71,71a) is dis- 
posed adjacent to the bottom portion of said 
bowl portion (11:51) and that flow rate sensor 
means (21 ,23;66,69) for detecting the flow 

40 rates of the flushing water flowing through said 

first and second communicatioon means 
(1 7,21 ,22;62-66;1 8,23,24;63, 67-69), respective- 
ly, are provided, said control means (30,72) 
delivering the "OPEN" and "CLOSE" signals 

45 according to a predetermined program which 

takes into account the flow rate signals. 

2. A water closet flushing apparatus as defined in 
claim 1, in which said flow rate sensor means 

50 (21,23:66,69) are disposed both in said first 

and second communication means, respective- 
ly. 

3. A water closet flushing apparatus as defined in 
55 claim 1 or 2, in which said control means (30) 

comprises a flushing water quantity accumula- 
tion means (31a) for accumulating the flushing 
water quantity in response to the output sig- 
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nals from said flow rate sensor means 
(21,23:66,69) and comparator means (31b) for 
comparing the quantity of the flushing water 
accumulated by said accumulation means 
(31a) with a predetermined quantity. 



inner wall surface of said bowl portion (11;51) 
so that the flushed water produces a vortex 
flow therein. 

5 12. A water closet flushing apparatus as defined in 
any one of claims 1 to 11, in which the down- 
stream portion of said trap passage (53) has a 
restriction (55b) restricted radially inwardly. 



4. A water closet flushing apparatus as defined in 
any one of claims 1 to 3, in which, in response 
to the signals representative of the flow rates, 
respectively, delivered from said flow rate sen- w 
sor means (21 ,23;66,69), said control means 

(30) controls said first and second opening and 
closing means (22,24;64,67) for the instanta- 
neous flow rates of flushing water flowing 
through said first opening and closing means 75 
(22,64) and said second opening and closing 
means (24,67) being maintained substantially 
constant. 

5. A water closet flushing apparatus as defined in 20 
any one of claims 1 to 4, in which said control 
means (30) is provided with a storage means 

(32) for storing a command information for 
delivering and/or interrupting said "OPEN" 
and/or "CLOSE" signals. 25 

6. A water closet flushing apparatus as defined in 
any one of claims 1 to 5, in which said control 
means (30) is provided with a timer means 
(31c) for controlling a time interval of each of 30 
said "OPEN" and "CLOSE" signals. 

7. A water closet flushing apparatus as defined in 
any one of claims 1 to 6. in which said flushing 
water supply source (15) is provided with a 35 
flushing water storage tank (41). 

& A water closet flushing apparatus as defined in 
claim 7, in which said flushing water storage 
tank (41) is provided with a liquid-level mea- 40 
suring means (43). 

9. A water closet flushing apparatus as defined in 
any one of claims 1 to 8, in which said water 

jet injection means is provided with a water jet 45 
injection nozzle (71). 

10. A water closet flushing apparatus as defined in 
claim 9, in which said water jet injection nozzle 

(71) is communicated through a connecting 50 
pipe (63) with said flushing water supply 
source (15). 

11. A water closet flushing apparatus as defined in 

any one of claims 1 to 10, in which a plurality 55 
of water flushing ports (13c,54d) extended 
through said bowl portion (11;51) are inclined 
at a predetermined angle with respect to the 
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